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Top productionTop production

andand

decay propertiesdecay properties

at theat the

TevatronTevatron

Michele WeberMichele Weber

FermilabFermilab

For the D0 and CDF For the D0 and CDF 
collaborationscollaborations

There’s more than
buffaloes at Fermilab !
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Top quark production at 1.96TeVTop quark production at 1.96TeV
Top quark pair production via strong interaction

6.7 pb (1.96TeV, mt=175GeV/c2)

85%

15%

Single top quark production via weak interaction

s-channel: 0.88pb

t-channel: 1.98pb

Cacciari etal, JHEP 0404:068,2004

Sullivan, Phys.Rev.D70:114012,2004

Not discovered yet
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D0 & CDF Run II Integrated Luminosity
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CDF Delivered (from February 9th 2002)

D0 Delivered (from April 19th 2002)

CDF Recorded (from February 9th 2002)

D0 Recorded (from April 19th 2002)

through 18 February 2006

total recorded
~ 1200/pb



M.WeberM.Weber HCP 2006HCP 2006 55

Top quark decay & identificationTop quark decay & identification

Need to reconstruct and identify
Electrons, muons, jets, b-jets
and missing transverse energy

All jet
46%

e/mu + jets
29%

dilepton (e/µµµµ)
4.5%

t→Wb ≅100%

decay product have:
• good angular separation in the 
lab frame

• high transverse momentum
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DileptonDilepton cross sectioncross section

pb  0.5(lumi)  ±1.0(syst)  ±1.5(stat)  ±8.3tt =σ

low BG but low yield

CDF

>15GeV

>20GeV

Sample recorded on inclusive

lepton triggers with ET(l)>18GeV
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• Loosen the selection
(one reconstructed letpton + one track)

• Recover S/B with b-tagging

• Veto 2nd other flavour lepton

(combination with e+µ)

Add Add lepton+tracklepton+track eventsevents

pb)syst()stat(1.7 3.1

3.1

6.2

2.2tt

+

−

+

−=σ

pb)syst()stat(6.8 1.1
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−=σ

l+track

l+track + eµ

Compare to: ee + µµ + eµ pb)syst()stat(6.8 2.1
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0.2tt

+

−

+

−=σ
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Lepton + jets channel

medium yield, medium BG

Golden channel for properties
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l+jetsl+jets with bwith b--taggingtagging

pb (sys.) 1.0  ±(stat.) 0.6  ±8.2=ttσ

1-tag and HT>200GeVCDF

Relative systematic uncertainties:

‘Ultra-pure’ top sample

2-tags

(syst.)pb   (stat.)  8.8 2.0

1.3

1.2

1.1

+

−

+

−=ttσ

CDF
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All jetAll jet High yield, high BG

pb)syst(6.4)stat(9.41.12 ±±

Background
From data

Data with final selection

(with btagging)M(jj) M(bjj)

360/pb360/pb
Pythia tt 175GeV

+   Data         

Background substracted
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CDF
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Probing the Probing the WtbWtb vertexvertex

•tttt����WbWbWbWb / / / / tttt����WqWqWqWq

•W W W W helicityhelicityhelicityhelicity in top eventsin top eventsin top eventsin top events

•single top single top single top single top 

Anomalies = New physics ?
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(True in SM with three quark generations)(True in SM with three quark generations)

Probing the assumptionProbing the assumption
0.9984   to9980.0
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tdtstb

tb

VVV

V

WqtBr

WbtBr
R

Measurement: count b-jets.
The number of b-jets depends strongly

on R and the tagging efficiency.

�� Result is obtained from a binned Result is obtained from a binned 
maximum likelihood fit to datamaximum likelihood fit to data
for for NNjetjet =3 and =3 and NNjetjet =4 =4 

�� Simultaneous fit Simultaneous fit 
to R and cross sectionto R and cross section

Br(tBr(t→→WbWb)=1)=1 and σtt=7 pb

NNjetjet=3=3

Number of b-tagged jets
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)syststat(03.1
)(

)( 19.0
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−
WqtBr

WbtBr
B

ResultResult

pb)syststat(9.7 7.1

5.1 += +

−ttσ

230 pb230 pb--11

The most precise 
measurement to date 
hep-ex/0603002

Model independent cross 
section measurement

CDF )syst( stat)(12.1
)(

)( 0.17

13.0

21.0

19.0

+
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+

−=
→

→

WqtBr

WbtBr

PRL 95, 102002
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�� Examines the nature of the Examines the nature of the tWbtWb vertex,vertex,

probing the  structure of weak probing the  structure of weak 

interactions at energy scales near EWSBinteractions at energy scales near EWSB

�� Stringent test of SM Stringent test of SM 

and its Vand its V--A type of interaction.A type of interaction.

�� Uses boosted W from top decaysUses boosted W from top decays

W W HelicityHelicity from from tt��WbWb DecaysDecays

70%
30% 0%
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ResultsResults

)syst(0.06 stat)(08.008.0 ±±=+
F

CDF

Mlb + lepton pt
hep-ex/0511023

Update with respect to:
PRD 72, 011104 (2005)

(162/pb)  CL 95%  @  27.0

)syststat(74.0 22.0

34.0

0

<

+=

+

+

−

F

F

Mlb
(l+jets + dilepton)
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EW top quark productionEW top quark production

((““single topsingle top””))
Not discovered yet
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AnalysesAnalyses
use of kinematical distributions to separate single-top
from t-tbar and W+jets

Different approaches: discriminant / NN / decision trees

tt W+jets

See also poster
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ResultsResults

Limits will hopefully not decrease,
but the signal significance increase

Latest CDF results (695/pb) NN

s:    <3.2 pb @ 95% C.L. 

t:    <3.1 pb @ 95% C.L.

s+t: <3.4 pb @ 95% C.L.

Earlier limits published in 

PRD 71 012005
C D F

Likelihood
discriminant

Latest results (370/pb) likelihood
s: < 5.0 pb @ 95% C.L. 
t: < 4.4 pb @ 95% C.L. 

Earlier limits published in

PLB 622, 265 (2005)

prediction
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Single top searchesSingle top searches

probing new physicsprobing new physics
From NN analysis
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Is the Is the ‘‘toptop’’ the SM top ?the SM top ?

•chargechargechargecharge

•lifetime lifetime lifetime lifetime 
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Top chargeTop charge

SM
Exotic

• A most fundamental quantity characterizing a particle
• Possible alternative to +2/3e (D.Chang etal PRD59, 09153(99))

• Introduce an exotic 4th family (Q1,Q4)R, with charge (-1/3,-4/3)
• Q4 is the “discovered top quark”
• True top quark has a mass of ~270 GeV and escaped detection

See also poster
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93.7% ΛEX < Λdata
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top lifetimetop lifetime

CL 95%at    5.52top mc µτ <

CDF

Likelihood fit

Maximum likelihood for cτtop=0 µm

Lepton + jets channel with 1 tagged jet

Primary Vertex constrained by jets

Measure the lepton impact parameter

SM: 3x10-10µm
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Is there more than the top ?Is there more than the top ?

•tttt----primeprimeprimeprime

•resonamcesresonamcesresonamcesresonamces
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Search for a tSearch for a t’’ -- > > WbWb

Lower limit on the t’ mass of 
258GeV/c2 at 95% C.L.

Expect m(t’)>300 GeV/c2

with 2/fb, unless…

CDF

Search for a heavy
4th generation quark

(He etal. Hep-ph/0102144)

Template fit in (HT, MT)
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tt--tbartbar resonances in resonances in l+jetsl+jets

�� Model exclusion: narrow Model exclusion: narrow leptophobicleptophobic ZZ’’ with with ΓΓ=1.2%M=1.2%MZZ’’

�� CDF: exclude M(ZCDF: exclude M(Z’’)<725GeV/c)<725GeV/c22

�� D0: exclude M(ZD0: exclude M(Z’’)<680 GeV/c)<680 GeV/c22

Search for a resonance in the 
t-tbar invariant mass spectrum 

Result: upper limits

CDF
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ConclusionsConclusions

�� Top turns eleven, we are now in theTop turns eleven, we are now in the

precision era of top physicsprecision era of top physics

�� Top production is consistent with the standard model Top production is consistent with the standard model 

expectation. There is still space for anomalies.expectation. There is still space for anomalies.

�� Detailed studies of EW from the Detailed studies of EW from the tWbtWb vertexvertex

�� Single top (EW production) to be discoveredSingle top (EW production) to be discovered

�� Searches for exoticsSearches for exotics

Understanding top quark production and properties will beUnderstanding top quark production and properties will beUnderstanding top quark production and properties will beUnderstanding top quark production and properties will be

crucial for success at LHC.  What we learn at the crucial for success at LHC.  What we learn at the crucial for success at LHC.  What we learn at the crucial for success at LHC.  What we learn at the TevatronTevatronTevatronTevatron,,,,

both physics and analysis tools, extends directly to LHC!both physics and analysis tools, extends directly to LHC!both physics and analysis tools, extends directly to LHC!both physics and analysis tools, extends directly to LHC!
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�� 8 layer silicon8 layer silicon

�� 16 layers scintillating fibers16 layers scintillating fibers

�� 2T Solenoid2T Solenoid

�� Calorimeter:Calorimeter:
CentalCental + + EndCapEndCap

�� 1.8T 1.8T ToroidToroid

�� 3 layers 3 layers muonmuon scintillatorscintillator + drift + drift 
tubestubes

�� Silicon detectorSilicon detector

�� COT: drift chamberCOT: drift chamber

�� SolenoidSolenoid

�� Calorimeters:Calorimeters:
Central, wall, plugCentral, wall, plug

�� MuonMuon: : 
scintillatorscintillator + chamber+ chamber

CDF
12 nations
60 institutions
~800 physicists

20 nations
92 institutions
~700 physicists
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Tevatron

Main Injector

Recycler

Linac
Booster

p-bar
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Layer 0 installed at Layer 0 installed at DZeroDZero!!
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DileptonDilepton channel(s)channel(s)
�� Features:Features:

� Small Br

� Small background

�� SelectionSelection

� Jets with ET > 15GeV

� Two charged
opposite sign leptons
pT>15 GeV

� Or 1 lepton and one track

� Etmiss and additional
selection optimized
by channel

�� BackgroundsBackgrounds
� WW/WZ, Z/γ*→ττ→ll

� fake Etmiss in DY or 
fake leptons in multijet
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All All hadronichadronic channelchannel
�� Features:Features:

� Large Br

� Large background 
(S/B~1/300)

� Need b-jet tagging

�� SelectionSelection
� At least six jets pT>15 GeV

� 1 hard primary vertex

� >3 jets assigned to it

�� ∆∆R(tagged jets)>1.5R(tagged jets)>1.5

�� BackgroundsBackgrounds
� multijet production
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Lepton+jets channelLepton+jets channel

�� SignatureSignature �� Features:Features:
� Relatively high Br (29%)

� Manageable background

� Perfect for studies of top 
properties

�� SelectionSelection
� One isolated pT>20 GeV

� ≥ 3 jets with pT>15 GeV

� ≥ 1 jet with b-tag

� ETmiss>20 GeV

�� BackgroundsBackgrounds
� W + jets

� Multijet
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topological Xtopological X--sectionsection

CDF
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bb--jet taggingjet tagging

Impact parameter

b-quark lifetime 
cττττ ~ 450µµµµm

→→→→ B hadrons travel

~3 mm  before decay

Both CDF & D0 use Secondary 

Vertex b-tagging algorithm 

to reduce the W+jet background 

for top events (require tagged jets)
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All jetAll jet

NNobsobs = 541= 541

NNPredictPredict = 494= 494±±88NN>0.9NN>0.9

Signal 
region

(syst)pb (stat) 2.5 5.1

0.1

6.2

5.2tt

+

−

+

−=σ

350/pb350/pb

High yield, high BG

NN
HT plus 5 more

variables
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Discriminating variablesDiscriminating variables

�� EnergeticEnergetic
�� HHTT

�� CentralCentral
�� Centrality: HCentrality: HTT/H/H

�� SphericalSpherical
�� AplanarityAplanarity

(large (large A ⇒⇒ spherical events)spherical events)
�� SphericitySphericity

(large (large S ⇒⇒ isotropic events)isotropic events)

�� ∆ϕ∆ϕ(l, (l, EETMissTMiss))
�� kkTminTmin

�� measure of minimum jet measure of minimum jet ppTT
relative to anotherrelative to another

Centrality
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DiscriminantDiscriminant function function 
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Adding more event information allows
better discrimination of top events.
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Integrated LuminosityIntegrated Luminosity

Design

We are here
Base

L⋅= σ  Nproduced

events


